Racial differences in the incidence of prostate cancer are manifest worldwide, possibly due to the different dietary habits. To elucidate the relationship between the recent trend of phytoestrogenic isoflavone intake and the increased incidence of prostate cancer in Japan, we conducted an agestratified dietary survey of soybean foods in 102 Japanese healthy men (age range: 10-59 years) and measured the serum isoflavones and equol levels in them and 100 Korean healthy men. The intergroup comparison among the age-stratified groups showed significant differences in the daily intake of genistein and daidzein between the teenager group and the other groups of age^30 years (Po0.05). In the Japanese study, the proportion of equol producers in the teenager group was 10%, being significantly the lowest among the age-stratified groups. The proportions of equol producers in the age-stratified groups from 10 to 49 years were also significantly lower than those in the fifties. The equol non-producers consumed significantly less amounts of isoflavones than the equol producers. In the Korean study, the proportions of equol producers were 45% in the teenager and 40% in the twenties and thirties, being significantly lower than in the forties (80%) and fifties (65%). The decreased intake of isoflavones, low serum level of equol and low incidence of equol production in the young generation may become potential risk factors for prostate cancer not only in Japan but also in Korea in the near future. Elucidating the mechanism of equol production may be promising in developing strategies for chemoprevention against prostate cancer.
Introduction
Racial or geographical differences in the incidence of prostate cancer are manifest worldwide, implying that the different styles of daily life, including ethnic diet, play a critical role in the different manifestations in ageadjusted incidence or biological malignant potential of prostate cancer between East Asia and Europe or USA. 1, 2 In general, foods rich in saturated fat and calories are considered as promoters of prostate cancer, 3, 4 whereas vegetables and fruits, including selenium, vitamins A, E, D and C, and isoflavones are inhibitors. [5] [6] [7] [8] It is strongly suggested that the recent significant increase in the incidence of prostate cancer, as well as cardiovascular diseases and diabetes mellitus in Japan may be due to the increased habitual consumption of high-calories high-fat food. Nonetheless, the morbidity of prostate cancer among the Japanese is still significantly lower than among the Caucasian, African and Hispanic people.
It is speculated that traditional Japanese food contains some factors that inhibit prostate cancer development. The soybean is well known as one of such promising natural vegetables that have a chemopreventive action against prostate cancer. Some studies have demonstrated an etiological association in Japanese men between the incidence of prostate cancer and the intake of soybean products that are rich in isoflavones (genistein and daidzein). 9, 10 Equol is a metabolite of daidzein by the intestinal bacterial microflora and has weak estrogen-like activity. 11, 12 Equol and isoflavones have a binding affinity estrogen receptor b. 13, 14 Additionally, equol can bind sex hormone-binding globulin 15, 16 and 5a-dihydrotestosterone 14 and inhibit the growth of prostate cells in vitro and in vivo. 14, 17 Therefore, equol can act as an anti-androgen and inhibit the development of sex hormone-dependent tumors such as breast cancer and prostate cancer. 14 In our previous study, we demonstrated that the proportion of equol producers was significantly smaller in the patient group with prostate cancer than in the cancer-free control group and that this proportion was significantly smaller in patients with poorly differentiated adenocarcinoma than in those with well or moderately differentiated adenocarcinoma. 18 Moreover, the serum isoflavone levels and the proportions of equol producers are very low among American men when compared with Japanese and Korean men. 19 These data imply that the serum level of isoflavones is associated with a potential risk of prostate cancer development and that equol non-producers may be potentially at risk for prostate cancer. Therefore, it is speculated that westernization of the lifestyle, particularly the dietary habits, closely correlates with the recent and future increase in incidence of prostate cancer in Japan.
In the present study, we conducted a food survey on the daily intake of soybean to assess the age-stratified trend of soybean isoflavone intake and measured the serum concentrations of isoflavone and equol in Japanese and Korean healthy men who had similar traditional cultures and recent westernized dietary habits.
Materials and methods

Subjects and study design
The subjects of this study were 102 Japanese and 100 Korean healthy male volunteers who were native residents in Japan and Korea, respectively, and their ages ranged from 10 to 59 years. They underwent measurement of the serum levels of soybean proteins, isoflavones and equol at Nara Medical University, Japan, and Chungbuk National University, Korea, between June 2004 and December 2004. The Japanese volunteers underwent a 1-week survey of their food and beverage intake. All subjects were classified into five age-stratified subgroups for data analysis as follows: 10-19 (teens), 20-29 (twenties), 30-39 (thirties), 40-49 (forties) and 50-59 (fifties) years of age.
This study was approved by each respective institutional review board and the study design was fully explained to all subjects, and informed consent was obtained from them or their parents in case of the teenagers.
One-week diet survey just before blood sampling and 1-year habitual diet survey of the Japanese men The 1-week dietary survey of all food and drink ingested during the week just before blood sampling was performed using a self-record form for the Japanese volunteers. They recorded all items and amounts of food and drink ingested with the interviewer's assistance. 20 The daily intakes of soybean proteins and isoflavones (total isoflavone, genistein aglycones and daidzein aglycones) during the week before blood sampling were calculated from the above-mentioned data by adding the intake of soybean food items in detail and multiplying the gram-portion size by the soybean foods frequency per day. Calculation of the estimated amount of daily intakes of soybean proteins and isoflavones was carried out by using the published database at the Department of Public Health in Sapporo Medical University.
21,22
Serum assay of genistein, daidzein and equol
The blood samples drawn before breakfast were taken at Nara Medical University and Chungbuk National University. The sera were separated and stored frozen at À20 1C or lower until they were transported on dry ice to the laboratory of SRL Co. (Hachioji, Tokyo, Japan). The serum concentrations of daidzein, genistein and equol were also measured in all subjects by reverse-phase highperformance liquid chromatography-multiple reaction ion monitoring-mass spectrometry at the laboratory of SRL Co. 23 The lower limit of detection of the serum isoflavones was 0.5 ng ml À1 in this assay. Since the proportion of men having the serum equol levels above this limit is reportedly low, the volunteers having serum equol levels of^0.5 ng ml À1 were defined as equol producers.
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Statistical analysis
Statistical analyses were performed by the non-parametric Wilcoxon's rank sum test (Mann-Whitney U-test), Kruskal-Wallis test and the w 2 test. Spearman correlation coefficients were used to examine the relationship between the amounts of intake and the serum levels of isoflavones. A P-value of o0.05 was defined as representing a statistically significant difference.
Results
Daily intake of soybean proteins and isoflavones in the Japanese study
The daily intakes of soybean proteins, total isoflavones and genistein and daidzein as aglycones in relation to age stratification ranging from 10 to 59 years are summarized in Table 1 . The age-stratified analysis based on the self-record form survey of 1-week dietary intake demonstrated that the daily intake of soybean proteins and isoflavones in the teenager group was the lowest among the age-stratified groups. In the overall comparison among the all age-stratified groups, daidzein showed significant differences in the mean daily intakes estimated from a 1-week dietary survey (Kruskal-Wallis test, Po0.05). In the intergroup comparison of the median daily intake estimated from the 1-week dietary survey among each age-stratified group, genistein and daidzein showed significant differences between the teenager group and the groups of age^30 years (Mann-Whitney test, Po0.05).
Serum levels of isoflavones and equol in the Japanese study
The detection rates and the serum levels of genistein, daidzein and equol in the 102 Japanese healthy men were 97% and 70.2 ± 88.6 ng ml À1 , 99% and 38.5 ± 49.2 ng ml À1 , and 24% and 23.9±45.6 ng ml À1 , respectively ( Table 2) . The serum isoflavone levels and the proportion of equol producers in relation to age stratification are summarized in Table 3 . There were no overall differences in the serum levels of genistein, daidzein or equol among the age-stratified groups. There was a significant overall difference in the proportion of equol producers among the age-stratified groups (Po0.029, Mann-Whitney test). Particularly, the proportion of equol producers in the Equol producers in Japanese and Korean healthy men K Fujimoto et al teenager group was 10%, being significantly the lowest among the age-stratified groups. The proportion of equol producers in the age-stratified groups from 10 to 49 years was significantly lower than that in the fifties (44%).
A weak correlation between the serum equol level and the daily intake of daidzein estimated from the 1-week dietary survey was observed in all patients (Spearman's correlation coefficient by the log-rank test: r ¼ 0.28, Po0.015). However, there was no correlation between the serum levels of equol and daidzein.
Serum levels of isoflavones and equol in the Korean study
In the Korean study, the proportions of equol producers, 45% in the teenager and 40% in the twenties and thirties, were smaller than those in the forties (80%) and in the fifties (65%) ( Table 3 ). In contrast to the Japanese study, the proportions of equol producers in the Korean teenager, twenties and thirties (45, 40 and 40%, respectively) were higher than those of the Japanese. However, when compared to the Korean forties and fifties (80 and 65%, respectively), overall differences in the proportion of the Korean equol producers were noted among the age-stratified groups (Po0.024), and the serum levels of genistein, daidzein and equol seemed to be lower in the young generations of o40 years than in the middle-aged generations of^40 years.
Comparison of the daily intake and serum levels of isoflavones between the equol producers and non-producers
The serum levels of genistein and daidzein did not show significant differences between the equol producers and equol non-producers (Table 4 ). The intakes of soybean protein, total isoflavones, genistein and daidzein were significantly higher in equol producers than in equol non-producers (Mann-Whitney U-test, Po0.001).
Discussion
In our previous case-control studies on the habitual diet and serum isoflavone level, the consumption of meat showed a significant association with increased risk of prostate cancer, and conversely the intake of soybean food containing isoflavones decreased that risk. [18] [19] [20] Those studies of the serum equol level revealed two types of men with different metabolic patterns of daidzein to equol; one group is equol producers and the other is equol non-producers whose serum equol was under the detection level (0.5 ng ml
À1
), and the proportion of equol producers among patients with prostate cancer was significantly lower than that among the agematched control group patients. 18 Moreover, the proportion of equol producers was significantly lower among patients with poorly differentiated adenocarcinoma than among those with well or moderately differentiated adenocarcinoma. However, the epidemiologic relationship between equol production ability and prostate cancer development has not been well elucidated yet.
Our present results revealed that the percentage of equol producers was lower (10-25%) in healthy Japanese men aged between 10 and 49 years than those in their fifties and that the proportions of equol producers in the sixties and seventies among the urologic disease-free and cancer-free control outpatients enrolled in our early study 18 were 54 and 59%, respectively, (Figure 1 ). Importantly, the percentage of equol producers was very low (10%) in the Japanese teenager as well as in the American healthy men (14%) in contrast to the Japanese and Korean healthy men (46 and 59%, respectively) in the present study in our previous case-control study. 19 Unfortunately, we have no data on the intakes of isoflavones and proportion of equol producers in the old-age Japanese who ingested only traditional Japanese foods. Therefore, we cannot conclude whether the proportions of equol producers in the sixties and seventies (54 and 59%, respectively) were high or not when compared to the old-age Japanese. However, these observations may account for the recent increase in the morbidity of prostate cancer among Japanese men and seem to predict the forthcoming rapid increase of prostate cancer.
When unifying the data obtained from the Japanese (including our previous data of the non-cancer control patients aged 50-79 years) and Korean healthy men, the proportions of equol producers in those aged 10-39 years were around 30%, being significantly lower than those aged 40-79 years (around 55%). There were significant overall differences in the proportion of equol producers among the age-stratified groups (Po0.002, Mann-Whitney test). Then, the combined data of the Japanese and Korean healthy men showed a significant generation gap in the proportion of equol producers between these two age-related subgroups, that is, o40 years and^40 years ( Figure 1 ). This trend in both countries may have a great prospective impact on the morbidity of prostate cancer in Table 4 Daily intake and serum levels of isoflavones in equol producer and equol non-producers of age ranging from 10 to 59 years Equol producers (n ¼ 24)
Equol non-producers (n ¼ 78) P-value* Equol producers in Japanese and Korean healthy men K Fujimoto et al the future not only in Japan but also in Korea whose people have similar or common ethnic dietary habits. Interestingly, our data clearly demonstrated that the daily intake of soybean and isoflavones was significantly smaller in the equal non-producers than in the equol producers. The westernized dietary habits of the Japanese young generation seem to decrease the intake of soybean products containing isoflavones. In other words, the continuous intake of isoflavones may stimulate equol production. On the other hand, high-calories high-fat and low-fiber foods may impair the intrinsic metabolic environment of daidzein to equol, which is maintained by the intestinal bacterial microflora that function favorably in the traditional Japanese dietary style.
Daidzein is usually metabolized into equol and O-desmethylangolensin in the enterohepatic circulation by microflora, which enter the blood and are subsequently excreted into urine. The proportion of equol producers seems to vary in the individual nation according to the consumption of soybean foods and formation of intestinal microflora specific for each ethnic diet. Intestinal microflora is also influenced by variation of the dietary environment. This observation is most likely attributed to the differences in the staple diet or racial constitution between the Western countries and the Asian countries. As is often reported, for instance, Japanese dietary style with less meat significantly increases Lactobacillus and Bifidobacterium, which are supposed to help men maintain equol production, [24] [25] [26] whereas the consumption of high-fat diet and more meat increases intestinal microfloras such as Clostridium as well as Eubacterium or Bacteroides, which may play a positive role in equol production. 24, 27, 28 Although intestinal microflora was strongly suggested to be involved in equol production from daidzein, on the basis of the results of fecal culture, the intestinal bacteria responsible for daidzein metabolism have not been determined definitively. 26, [29] [30] [31] [32] [33] [34] [35] In our series of studies on the relation between isoflavones and prostate cancer, we have made the following conclusions. (1) The serum levels of equol can categorize the examinees into equol producers and equal non-producers. ( 2) The proportion of equol producers is low among patients with prostate cancer as compared with those with other malignancies. (3) The proportion of equol producers is low among residents of the United States and Germany. (4) The proportion of equol producers is low in the Japanese young generations as compared with the Japanese old generations and the Korean young generations. These results suggest that the current and future increases in the morbidity of prostate cancer among the Japanese probably correlate with the low incidence of equol production in the young generations, corresponding to the apparent change of dietary habits to high calories and high fat or low isoflavones and low fiber after World War II. Besides, the completely changed social structure such as minimized and separated family and community organization has also influenced the traditional dietary life, and the young generations, including school children and business people, like eating out or skip their regular meal. It is necessary to elucidate the accurate mechanism of acquiring the ability of equol production and the reasons for the racial and generation differences in the incidence of equol production from the viewpoint of stimulation by encouraging the intake of soybean foods or the incubation of optimal intestinal microflora to devise appropriate strategies for treatment and chemoprevention against prostate cancer.
In conclusion, even in Japanese men who traditionally prefer the intake of soybean food and show high levels of serum isoflavones, the low proportion of equol producers in the young generations seems to be a novel epidemiological issue the viewpoint of cancer prevention. Elucidating the mechanism of acquisition of equol production ability will certainly help establish several useful chemopreventive strategies, for example isoflavone-selective food intake or optimum intestinal microflora incubation, for prostate cancer, one of the highmorbidity urologic cancers in the world. Figure 1 The proportion of equol producers in each age-stratified group in a comparison between the Japanese and Koreans healthy men. Men whose serum level of equol was 0.5 ng ml À1 or greater were considered as equol producers. Among the Japanese age-stratified groups, there were significant overall differences in the proportion of equol producers (Po0.029, Mann-Whitney test). The integrated data of the Japanese and Korean revealed significant differences in the proportion of equol producers among the agestratified groups (Po0.002, Mann-Whitney test).
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